SUMMARY Fifty children with suspected non-accidental injury, most of whom had bruising, were investigated to exclude a bleeding disorder. The following investigations were undertaken in each child: full blood count; platelet count, size, and shape; prothombin time; partial thromboplastin time including mix with normal plasma; fibrinogen; and a bleeding time. The results of these initial investigations were abnormal in eight children (16%). One child had a severe coagulopathy secondary to spontaneously acquired inhibitory activity to coagulation factors which led to spontaneous bruising and noticeable signs of injury after a minor accident. The remaining children had several features supporting a diagnosis of non-accidental injury. Two had associated bleeding disorders in the form of von Willebrand's disease and a platelet aggregation abnormality and a baby had an acquired platelet disorder secondary to salicylates, provoking severe haemorrhage from a minor injury. The remaining four children initially had an abnormal laboratory finding-a prolonged partial thromboplastin time-which resulted in lengthy discussions during subsequent legal proceedings. Evidence of a bleeding disorder is not uncommon in non-accidental injury and the two conditions are not mutually exclusive.
A discrepancy between physical findings and history is one of the cardinal signs of child abuse.1 There may be additional features of bruising that are suggestive of abuse: for example ecchymoses may be at different stages of evolution despite a reported single injury; bruising may be in a particular pattern secondary to the use of an implement or hand; and those areas of the body affected may be the most unlikely to have been injured accidentally. As many of these features occur with a bleeding disorder, it is recommended that investigations to exclude this possibility are carried out.2
Over a two year period we found that 16 per cent of investigations were abnormal. Assessment of an underlying bleeding disorder is only part of the overall consideration of these children. It may clarify the aetiology of bruising that is said to have arisen spontaneously but more often it is used as an assessment of the severity of injury in an abused child.
This study identifies a group of children in whom the initial coagulation screen suggested an abnormality of the intrinsic coagulation system reflected by a prolongation of the partial thromboplastin time. The interpretation of these abnormalities is particularly important when they are referred to in any subsequent legal proceedings.
Patients and methods
Fifty children referred consecutively to this hospital with suspected non-accidental injury over a two year period beginning January 1981 were investigated. Most children presented with bruising. Venepuncture was usually carried out by the referring paediatric staff.
The tests done to exclude a bleeding disorder are shown in Table 1 . Venous blood was anticoagulated at a ratio of nine parts blood to one part 3-8% trisodium citrate, and plasma was separated by centrifugation at 3000 g for 10 minutes at 4°C. All clotting end points were determined using a fibrometer (Depex Coagulometer). Prothrombin time, activated partial thromboplastin time, and thrombin time were determined by standard methods. Bleed- Group 1. This group comprised one child with a coagulation disorder in whom non-accidental injury was not confirmed.
Case I A 19 month old girl was referred from her local child welfare clinic for further investigation of possible non-accidental injury. She had florid periorbital ecchymoses and a large haematoma on her forehead as a result of a collision with a door the day before. She was noted to have widespread bruising of the limbs and trunk which had arisen spontaneously. She had been well apart from a brief diarrhoeal illness two weeks before. There was no family history of bleeding, she had taken no medication, and there were no features of autoimmune disease. A coagulation screen was abnormal with a prolonged partial thromboplastin time ( Figure) . This failed to correct when her plasma was incubated with normal plasma, confirming inhibitory activity. Case 2 A 6 year old girl was brought to the casualty department by her father. She had extensive bruising of the buttocks and legs. There was a long standing history of domestic violence and the parents were separated and shared the child's care. The father, who was an alcoholic and a compulsive gambler, could not explain the aetiology of the bruising, and the child said she had been kicked by a 'grown up'. There was a previous history of easy bruising and prolonged bleeding after tooth extraction. A coagulation screen was subsequently reported to be normal. Bleeding time was not investigated. The child's name was placed on the 'at risk' register and the family was closely supervised. One year later she was admitted to hospital for adenoidectomy and bilateral myringotomy. In view of the history of easy bruising and abnormal bleeding she was assessed again and the bleeding time was prolonged to eight minutes. (Although the recognised range is two to six minutes we have found in our laboratory that a bleeding time of over three and a half minutes has only occurred in children subsequently shown to have a platelet or vascular abnormality). Her platelets showed absence of second phase aggregation with adenosine diphosphate and adrenaline. Her mother and brother showed the same abnormality.
Case 3 A 3 year old girl was referred from her local authority nursery. She was noted to have unexplained bruising to the genitalia and chest wall. There was a history of numerous admissions to hospital with episodes of screaming, poor feeding, and rectal bleeding. There was a deprived home environment and her name was on the 'at risk' register. Her bleeding time was at the upper limit of normal for our laboratory, that is three minutes 20 seconds. Partial thromboplastin time was 43 seconds (control 33 seconds), factor VIIIC was 0-46 U/ml, factor VIII related antigen was 0*37 U/ml, and factor VIII ristocetin cofactor was 0-27 U/ml. A diagnosis of von Willebrand's disorder, type IV was made and was subsequently confirmed in her mother and sister.
Group 3. Patients in this group were found to have sustained non-accidental injury and also had a laboratory abnormality of coagulation.
Case 4 A 2 month old baby was admitted bleeding from the mouth. He was shocked and required resuscitation. An excoriated area at the base of the tongue was found. The bleeding time was five minutes 25 seconds. The parents were of low intellect, denied giving the baby any medication, and could recall no injury. Two weeks later the baby was again admitted bleeding from the mouth and was shown to have a torn frenulum. At the same time a neighbour visited the local medical practice and told the receptionist that she knew the parents were putting soluble salicylate (Junior Disprin) in the baby's milk feed.
Case S An 18 month old girl was admitted with bruising to the buttocks and back. Her mother was single and unemployed and was living in a hostel for the homeless. The child had been left in the care of a male friend while the mother attended bingo and the bruising had been noticed the following morning. Coagulation screen showed an abnormality of the intrinsic system with a partial thromboplastin time prolonged to 57 seconds (control 34-5 seconds). The mix partial thromboplastin time was 45 5 seconds indicating inhibitory activity. Shortly afterwards, despite close supervision, the family was lost to follow up and were subsequently traced a year later in another city. At this time the coagulation screen was normal.
Case 6 A 3 year old boy was admitted with bruising to the left side of the face and bleeding from the left ear. There was no satisfactory history to explain this and there had been a previous non-accidental injury. The child's name was on the 'at risk' register and there had been problems in the past with the children being left unattended. Investigations showed a prolonged partial thromboplastin time of 47 seconds (control 34 seconds).
Case 7 A 14 month old girl was admitted with widespread bruising said to have been sustained when she fell from a windowsill. She had had a previous history of an injury to the head and laceration to the lip after a fall at the age of 8 months and bruising to the face after bumping into a door at the age of 3 months. Partial thromboplastin time was prolonged to 41 seconds (control 33 seconds) with a mix partial thromboplastin time of 37 seconds. When the coagulation screen was repeated four days later there was no abnormality.
Case 8 A 4 month old girl was referred by her general practitioner. It was suspected that she had been subjected to attempted strangulation. She had widespread petechiae around the neck and periorbital region. Her teenage parents were alcoholics and lived in a residential hostel. They could give no explanation for the injuries. Coagulation screen showed a prolonged partial thromboplastin time at 51 seconds (control 32 seconds) and mix partial thromboplastin time of 36 seconds. Repeat investigations 10 days later showed resolution of the abnormality.
Results
Eight of 50 children investigated for non-accidental injury showed abnormalities on laboratory assessment. One child showed spontaneous development of inhibitory activity against coagulation factors that led to the development of severe bruising which suggested non-accidental injury. The inclusion of a bleeding time helped identify a child with a platelet aggregation disorder, a child with a von Willebrand's disorder, and a baby with abnormal platelet function from ingestion of salicylates. Four children had a prolonged partial thromboplastin time at first assessment which subsequently resolved. In one of these children the partial thromboplastin time did not correct on incubation with normal plasma, suggesting inhibitory activity.
Discussion
It is recommended, particularly when bruising is a feature in a case of suspected non-accidental injury, that appropriate tests to exclude bleeding disorders be carried out. Suspicion of non-accidental injury arises from characteristic physical signs of injury to the child, a discrepant history, and abnormal parental attitudes or behaviour.3 Antecedent stress factors may alert the clinician and non-accidental injury occurs more commonly in families with financial problems, poor housing, unemployment, and marital stress.4 5 The bruising itself may be highly suggestive' and all these considerations help to establish the diagnosis, the goal being to minimise any further risk of injury to the child.
The assessment of whether or not a bleeding disorder is present is simply one aspect of this overall examination. The types of bruising and the manner in which they are said to occur may be very similar in non-accidental injury and in a bleeding disorder.6 The presence of the latter compounds the risks to the child who is abused. We A drug history is very important. The addition of salicylates to a baby's milk led to severe bleeding from a minor injury. The platelet abnormality was suspected from the prolonged bleeding time despite the initially absent relevant drug history. Prolongation of the partial thromboplastin time occurred as an isolated finding in four children. All had been abused and the laboratory abnormality did not alter this conclusion. Nevertheless, in at least one child the fact that the initial blood test was abnormal proved a matter of interest when legal proceedings followed, and the clinical witness must know what the possible explanations are. In the child showing inhibitory activity a repeat partial thromboplastin time investigation four days after presentation was normal, as were the factor VIII and IX concentrations. We suggest that circulating anticoagulants after minor viral infections in children may be more common than currently appreciated."' The inaccuracy of a single coagulation study must be recognised and may have been the explanation for the abnormalities seen in cases 6, 7, and 8.
In a study of 86 children under investigation for a bleeding disorder, 19% did not have the same result on repeat testing. " Difficulty in obtaining blood may lead to clotting in the syringe, leading to consumption of coagulation factors and platelets with falsely abnormal results.7 An alternative explanation, however, may be circulating thromboplastic substances from tissue injury which may prolong the partial thromboplastin time. This is well recognised in the context of severe injury, particularly to the brain,'2 13 but is unclear in more minor injury. Children who have been abused are the one group where coagulation studies are undertaken after minor injury leading to superficial bruising. Perhaps the same percentage of abnormalities would be seen in children with accidental bruising of the same degree.
The children in this study illustrate that nonaccidental injury and bleeding disorders are in no way mutually exclusive. It is as potentially danger-ous and unhelpful for the child and family to have an inappropriate diagnosis of non-accidental injury made when there is a bleeding disorder'4 as it is for non-accidental injury to be dismissed. The child with a bleeding disorder is at particular risk from abuse and this will influence his management. '5 Therefore, if a laboratory investigation is carried out when a child is feared to have been injured non-accidentally it must be done properly. When the clinician is called upon to give witness and when the coagulation screen is not entirely normal the help of an interested haematologist may be invaluable. 
